Introduction
It is commonly accepted that with biocolloidal systems there is a definite temperature at which all of the freezable water will be frozen (7, 11, 6 , and others). This temperature has been arbitrarily selected as about -180 to -20°C. In studying one phase of a problem on winter hardiness in red clover roots, it was desirable to determine the amount of unfreezable water in these tissues. Thus an opportunity was afforded to test the preceding hypothesis with regard to this tissue by determining the amount of water which does not freeze at temperatures of -100 to -500 C. Potato tubers were also included in the study.
Review of literature ST.JOHN (9) made a study of the unfreezable and freezable water equilibrium of the thick portion of egg white, employing the method of RUBNER (7) as modified by THOENES (11) and ROBINSON (6) . He found that at -50 C., 80 JoNEs and GORTNER'S (3) data on inorganic hydrogels indicate that there was no temperature within the range of 0.0°to -500 C. at which a lower temperature did not cause the crystallization of additional quantities of ice.
Methods
A variety of methods have been used by investigators for determining the ratio of unfreezable to freezable water in organic materials. Of these the early method of MijLLER-THURGAU (5), later modified by RUJBNER (7), THOENES (11), ROBINSON (6), ST.JOHN (9), SAYRE (8) , and MEYER (4), was chosen. This is the calorimetric or heat of fusion method. It has been modified slightly to meet the requirements of this particular problem. The symbols and equation used follow in general those developed by previous investigations.
The tissues used in the unfreezable water determinations were put through a Nixtamal mill. Portions were then taken for total and freezable water determinations, the total moisture being determined in a vacuum oven at 800 C. and 3 to 4 cm. pressure. The total moisture value was used in the unfreezable water calculations instead of the moisture determinations on the same following the calorimetric determinations, as has been done by a number of previous investigators.
For the freezable water determination, 8 to 10 gm. of tissue were placed in a tared tinfoil cup, similar in construction to that used by ROBINSON (6), which was then placed in a tared weighing bottle. The whole was weighed accurately and placed in the low temperature cabinet at the desired subzero temperature. For the temperatures of -100 to -230 C. i speeially constructed cabinet was used. For temperatures of -25°to -50°C. an alcohol bath, to which dry-ice was added to give the desired low temperature, was employed. The inner container of tinfoil is essential in weighing the tissue and in making a quick transfer of the frozen tissue to the calorimeter. It likewise aids in preventing (1) floating of tissue on surface of water in calorimeter, (2) evaporation of water from tissue during weighing, etc., and (3) heat of solution of any soluble substances while in the calorimeter. The outer container aids in the identification and transfer of the tissue from the sub-zero temperature to the calorimeter with the minimum of time and exposure to room temperature.
The determination of unfreezable water by the calorimetric method requires the establishment of a stable phase equilibrium at the desired sub-zero temperature. The value for unfreezable water varies with temperature, within limits, and it is important to maintain the desired freezing temperature constant, preferably with + 0.25°C., for a period of hours. The requirement of -100 to -230 + 0.250 C. was fulfilled in a special low temperature unit constructed by the Freas Electric Company.
The freezable water samples were allowed to remain in the cabinet for 10 to 12 hours. Triplicate samples with different time intervals indicated that the different phases had attained an equilibrium in this period.
The calorimeter consisted of a highly evacuated silvered Dewar flask, closed with a cork 3 cm. thick. Two holes were placed through the cork, one for the thermopile or Beckmann thermometer and the other for a spiral glass stirrer. Proper stirring of the liquid is essential to establish an equilibrium between the material and the liquid of the calorimeter.
Exactly 300 gm. of distilled water were placed in the calorimeter. As soon as the water had come to a temperature equilibrium with the calorimeter walls, glass stirrer, and thermo-elements, the frozen sample was introduced and the new equilibrium determined. The It is necessary to determine a correction factor for the calorimeter, since the walls of the calorimeter, stirrer, etc., absorb heat from the water the same as the components in the system. This correction factor was obtained by placing 8-10 gm. of water in the tinfoil cups, freezing at the desired temperature, and then transferring to the water of the calorimeter and determining how much heat was necessary to melt the ice and raise the temperature of the resulting water to the equilibrium temperature of the system. The values for the correction factor were plotted for the different sized samples. Thus the factor could easily be obtained for the sample that varied from 8 to 10 gm. For an 8-gm. sample the correction factor was found to be 1.085.
It is evident that the loss of heat energy in terms of calories by the water in the calorimeter may be expressed mathematically as follows: (7) FNSW (To Te) where F = calorimetric correction factor; N = number of grams of water in calorimeter (300 gm.); SW = specific heat of water for temperature range used (To -TO)i
To and Te = original temperature of water and equilibrium temperature respectively. Specific heat determinations were made on the dried tissue, following the procedure previously outlined, except that benzene was substituted for the water in the calorimeter. It was found that the use of a liquid of lower specific heat increased the accuracy of the determination. The values used for the specific heat of pure benzene were secured by plotting a curve for the values as given in the International Critical Tables (12) .
The specific heat values for ice were taken from DICKINSON and OSBORNE (1) . The values for water above zero were taken from the Handbook of Chemistry and Physics (2) . The specific heat values for water below zero were obtained by extending the curve of values from 00 to 300 C. as a straight line, assuming that the specific heat of water continues as a linear function, as has previously been done by SAYRE (8) . It is assumed that the specific heat of unfreezable water is the same as that of freezable water at the same temperature. The values for T8 and TA, being below zero, are indicated in the formula by a negative sign. The unfreezable water is determined by subtracting the freezable water from the total water, thus Wb = Ww -Wi.
Results
The temperatures used were from -100 to -500 C. by five degree steps. In addition measurements were made at -220 C. The physical chemist (10) considers -220 C. as the minimum freezing-point of pure water under any set of equilibrium conditions. The data presented in table I show the variation in results for typical triplicate samples and indicate the accuracy of the method. 
